We investigate the performance and time varying risk behaviour of Hungarian equity mutual funds by applying modified versions of the four-factor model applying different market proxies. We classify the funds according to their target markets (Hungary, Central and Eastern Europe [CEE], developed markets) and separate bullish and bearish periods. We find no significant excess returns for any circumstances; however, market betas are significantly different for bullish and bearish periods as well as the explanatory power of book-to-market ratio and market capitalisation. After taking into account the daily percentage changes in the number of shares outstanding we find investors' relation to risk to be different in bearish and bullish periods.
Introduction
The performance of mutual funds has attracted much attention in recent decades. However, there is a lack of scholarly investigation of mutual funds' performance from post-communist Central and Eastern European (CEE) countries. This article intends to fill this gap by investigating the performance and time varying risk behaviour of Hungarian equity mutual fund returns for the period from January 2001 to February 2013. Based on market returns we separate bullish and bearish periods, and examine the modified version of Carhart (1997) equilibrium model whether the estimated risk parameters are constant or the return generating process is different in distinct market circumstances.
We also investigate performance and the risk in a regional manner as the 30 mutual funds in our analysis invest in equities of Hungarian, or CEE or developed capital markets. Furthermore we extend our model with an additional variable of the percentage change of the number of shares outstanding to capture the reactions of investors to increasing or decreasing market changes.
The main scholarly papers about mutual funds often examine their performance as a test for market efficiency and their general conclusion is that funds can not outperform the market on average (Gruber, 1996; Jensen, 1968; Malkiel, 1995) . Grinblatt, Titman, and Wermers (1995) find that funds investing in past winner stocks providing higher returns KEYWORDS mutual funds; asset pricing; time varying beta; home bias than others. Fung, Xu, and Yau (2002) measure sizeable and positive excess returns in case of the 115 funds invest in global equity markets between 1994-2000. Kosowski (2011) argues that average underperformance of mutual funds is appropriate only for expansion periods but not during recessions. Ferreira, Keswani, Miguel, and Ramos (2013) find that in the 27 investigated countries equity funds underperform the market over the period [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] . They also detect a positive relation between mutual fund performance and level of financial market development and liquidity in the country.
Another direction of research investigates the performance of investors with local knowledge compared to others and the results show that market analysts (Bae, Stulz, & Tan, 2008; Tóth & Jónás, 2012) or hedge funds in Asia (Teo, 2009 ) with local presence outperform others. Shukla and van Inwegen (1995) examine whether local knowledge can result in superior performance by comparing the performance of UK-and US-based fund managers investing in the US market and find local (US) mutual funds perform better. On the other hand Otten and Bams (2007) find no evidence of under-performance of UK equity funds investing in the US stock market compared to their local (US) counterparts, furthermore in some segments they detect a slight out-performance for foreign (UK) funds. Hau and Rey (2008) find different levels of home bias across mutual funds in the examined 16 countries and they report a positive correlation between the degree of home bias and the size of funds. Banegas, Gillen, Timmermann, and Wermers (2013) measure significant excess returns for the investigated mutual funds investing in European (both country specific and pan-European) over the period . Their results suggest that there are fund managers with superior country-specific skills, however their performance depend on the state of the economy. After investigating the stock preferences of domestic and foreign fund managers from 11 developed countries Covrig, Lau, and Ng (2006) find that geographic location of the managers do not influence their stock preferences. Chan, Covrig, and Ng (2005) argue that mutual fund managers in 26 developed and developing countries allocate a disproportionately larger fraction of investment to domestic stocks.
The rest of the article is organised as follows. In Section 2 we introduce the data set used in this research and review the methodology, in Section 3 we present the results of different regressions and in Section 4 we conclude. 
Data and methodology
To examine the time varying performance and risk of Hungarian publicly offered open-ended mutual funds investing in equities, we collect 30 different mutual fund share prices. These funds invest in three different regions: Hungary (6), CEE (11), and developed markets (13). 1 The source of the data is the Association of Hungarian Investment Fund and Asset Management Companies. Daily returns of funds and the local and regional indices are calculated in US dollars (USD) terms using WM/Reuters closing spot rates. The source of the factors for the Fama-French (FF) (1992, 1993, 1996) model and momentum factor is the Center for Research in Security Prices (CRSP) from Kenneth French's website. 2 We have calculated all returns in USD as the funds themselves are denominated in various currencies, not only in Hungarian Forint (HUF). CEE and Hungarian stock markets are dominated by foreign institutional investors whose interest concentrates on returns measured in USD reflecting the risk they are taking in these countries. Bóta and Ormos (2015) find that CEE stock markets show higher efficiency for the indexes calculated in USD than their counterparts calculated in local currencies. Furthermore the FF factors and the Carhart momentum factor are determined in USD.
We apply eight different equilibrium models to capture the difference in excess returns and in risk parameters. We use the standard single-factor Capital Asset Pricing Model (CAPM) with two different market proxies which capture the relevant risk through the market beta. The market is defined in two distinct ways: (1) we use the Central European Blue Chip Index: CETOP20 regional index for CEE; and (2) the CRSP value weighted index return is also applied as market proxy.
where r i stands for the return of the investigated (i-th) fund, β M represents the sensitivity for the market returns, which is captured by r M as the CETOP 20 (C20) or by the CRSP value weighted return (Mkt), and ε is the error term of the regression.
We apply the FF (1996) three-factor model with both market proxies in the form:
where the β variables represent the regression coefficients and r M , SMB, and HML are the market (C20 or Mkt), size, and value premiums, respectively.
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We also investigate the Carhart (1997) model to capture the persistency of mutual funds. Carhart (1997) extends the three-factor model by a momentum (MOM) parameter that measures the tendency for the mutual fund's share price to continue increasing if it was previously increasing and its tendency to continue decreasing if it was previously decreasing. Therefore, the model can be written in as:
where β MOM captures the excess return of the i-th mutual fund gained by the persistency of the previous month's return and MOM stands for the momentum factor.
Furthermore we run the FF three-factor model and the Carhart four-factor model incorporating both of the market proxies in the form: To capture the regime dependency of risk and risk premiums we collect returns from the bullish (increasing market prices) and bearish (decreasing market prices) periods from January 2001 to February 2013. We run ordinary least squares regressions with different set of explanatory variables. Table 1 shows the coefficients of determination (R 2 ) for different models. The average results are presented for our full sample (30 funds) and for the different regions these funds are investing in (Hungary, CEE, developed markets). We apply arithmetic averages contrary to the suggestion of harmonic averages of Andor and Dülk (2013) . According to our estimates a one-factor model using the CETOP20 regional index has better explanatory power than a model using the CRSP market proxy (Mkt) not only for the Hungarian and CEE funds but for the funds investing in developed markets as well, which seems to be surprising in a globalised capital market; however verify the hypothesis of Errunza and Losq (1985) .
From the models presented we have chosen the modified version of the Carhart (1997) four-factor model, using CETOP20 index as a market proxy instead of CRSP. 
Determinants of mutual fund returns

Performance analyses
If we look at the explaining power of the chosen model for the three set of funds separated geographically and for the whole examined period (Table 2 ) and then separated bullish (Table 3 ) and bearish periods (Table 4) as well, the first result worth mentioning is that the model has higher coefficient of determination for both the bullish (0.556) and bearish periods (0.554) than for the whole period (0.494). We have obtained opposing results for the funds investing in Hungary and in the CEE region as in the former case the model has a better explaining power in the bullish period (0.707 vs 0.558 in the bearish period) while in the latter case the model fitted better for the bearish period (0.732 vs 0.655 in the bullish period). For the funds investing in developed countries there was no such difference between bullish and bearish periods (0.403 and 0.401 respectively); however the R 2 s are still higher than for the full sample. For the whole period we have measured significant excess return at only a 10% level for one fund, for the bullish period there are four cases with significant (and positive) Jensen (1968) alphas (two only at 10% and one only at 5% level) and in the bearish period there Table 3 . carhart four-factor model with c20 market proxy for the 30 funds in bullish periods.
notes: this table shows the results of the modified carhart (1997) four-factor model, using cEtoP20 as a market proxy for bullish periods. *, **, *** denote significance levels of 10%, 5% and 1% respectively. Table 4 . carhart four-factor model with c20 market proxy for the 30 funds in bearish periods.
notes: this table shows the results of the modified carhart (1997) four-factor model, using cEtoP20 as a market proxy for bearish periods. *, **, *** denote significance levels of 10%, 5% and 1% respectively. in column Δc20 the difference of market beta in bullish and bearish period is presented. are four significant (negative) alphas (at 10% significance). The statistically non-significant results of excess returns are also interesting from an economist's point of view. We find 25 funds in the bullish period with positive excess returns and 24 funds in the bearish period with negative excess return. This result shows that the portfolio managers exaggerate and somehow amplify the market circumstances, or they simply regenerate the portfolios containing more risk. CETOP20 index is significant as a market proxy for all the funds and periods, however there are substantial differences in the betas in different periods which sign depends on the geographic focus of the funds. For all the funds investing in the CEE region and for most (eight of the 13) funds investing in developed markets the betas in the bearish period were significantly higher. Four out of the six funds investing in Hungary (and tracking the Hungarian market index) show higher beta in the bullish period. This opposing result for the Hungarian market suggests that when the market is falling fund managers reduce the exposure of the funds to equities and invest more in bonds, which is confirmed by the high R 2 results for the regressions containing the CMAX (Hungarian government bond benchmark) index as a variable. The results for the funds investing in Hungarian shares are surprising (see Table 2 and  Table 3 ) especially given the fact that these are index-linked funds. The C20 betas are far from being equal to 1, their average value for the full investigated period is only 0.67. Comparing the market beta for the bullish and bearish markets (see Table 4ΔC20 column) we find a 20% difference in absolute terms and find that altogether the market betas are decreasing at 7% on average. This result suggests that when the market is falling these funds invest in other, lower risk assets as well. To verify this hypothesis we run a simple regression for the fund returns explaining with C20 and CMAX (Hungarian government bond benchmark) index. In this setting we get an even higher explanatory (0.596 for the full period) than for the Carhart (1997) four-factor CEE model. The HML factor is significant for 25 funds for the whole period, 25 for the bullish period and only seven for the bearish period (at 10% significance, at 1% the results are 21, 21 and 2 respectively). So it seems that during a recession the book-to-market equity ratio behind the HML factor has no explaining power.
Based on our results SMB factor has more explaining power in recession than expansion as the SMB factor is significant at 10% in 21, 13 and 20 cases for the whole, bullish and bearish periods respectively (at 1% significance the results are 13, 8 and 13). For the momentum factor we have measured no substantial difference for bullish and bearish periods, at 10% level it was significant for 15 funds in the former and 18 funds in the latter case (at 1% 8 and 11 funds). The significant momentum factor underlines the fact the persistence in mutual fund performance is a relevant risk factor as Bollen and Busse (2005) show for the US and Dariusz Filip (2011) argues for the Hungarian mutual funds.
Fund flows and returns
We have incorporated an additional variable into our model; the percentage change of the number of shares outstanding, in order to separate the changes in the net asset value of the funds caused by the change of the price and by the purchase of new shares or redemption of existing ones by the investors.
The trade volume variable is significant for four funds for the whole investigated period, for one fund in the bullish and for seven funds in the bearish period (at 5% level, while at 1% level these numbers are 2, 1 and 2 respectively). This result suggests that when prices are falling on the given trading day the reactions of the investors are more intense, however the signs are positive in four, and negative in three cases, so investors react by purchasing new shares in the former and redeeming existing shares in the latter case (see Tables 5, 6 , 7).
In the next version of our model we have used the percentage change in the number of shares outstanding on the day following the day of which return we wanted to explain (see Tables 8, 9 , 10). At first glance this may seem a bit odd, as we want to explain the return with a next day data; these regressions can not be used to forecast returns, we just aim to measure the strength of the relationship between the variables (and not the causality between them). So the problem we address is whether daily returns of the funds influence investors' decisions about purchasing new shares or redeeming existing ones, or to put it another way, after a significant positive or negative return whether they change their investment in the fund or not.
The percentage change in the number of shares outstanding the following day shows significant relationship with the actual day return in the case of 10 funds out of the 30 for the whole period, 10 funds for the bullish and six funds for the bearish period (at the 10% level). So investors are more likely to change their position in the fund after a day resulting in a positive return than after a day when prices are falling. However, the direction of these changes in their positions are mixed in both periods: in exactly half of the cases they increase and in half of the cases they decrease their position during both periods. So we have found the variable of percentage change of the shares outstanding on the following day to be a significant factor when prices are increasing in 10 cases, while it is significant in six cases when prices are falling. These results suggest that after a substantial price change, investors are more likely to change their position if this change was positive, than after a day resulting in a substantial loss. So their relation to risk seems to be different in bearish and bullish periods confirming the Kahneman and Tversky (1979) prospect theory.
Conclusion
By applying the modified version of Carhart (1997) model using the CEE index as a market proxy we find that mutual fund managers can neither beat the market for the full period nor in bullish or bearish market circumstances. We find significant difference in the market beta for the bullish and bearish markets, with lower betas for the bearish periods. Although bookto-market ratio proved to be significant explanatory power for the whole investigated period and for the bullish market; however, in bearish market circumstances the estimated coefficients are not significant. Conversely the market cap as an explanatory variable has higher power in recession than in expansion. For persistence parameter we detect no difference Table 9 . carhart four-factor model for bull periods with c20 market proxy extended with the trade volume on the following day.
notes: this table shows the results of the modified carhart (1997) four-factor model, using cEtoP20 as a market proxy extended with daily percentage changes in the number of shares outstanding on the following day for bullish periods. *, **, *** denote significance levels of 10%, 5% and 1% respectively. for distinct market conditions. Concerning the actual trading day fund flows we find that when prices are falling the reactions of the investors are more intense. Furthermore after a substantial price change investors are more likely to change their position if this change was positive, while after a day resulting in a substantial loss they are less likely to change their investment. So their relation to risk seems to be different in bearish and bullish periods confirming the Kahneman and Tversky (1979) prospect theory.
Notes
1. We denote these funds by HUx, CEx and Devx resppectively. 2. Throughout the article we use SMB and HML for the size and value factors proposed by Fama and French (FF) and MOM for the momentum factor by Carhart. Mkt denotes the FF market factor, C20 the CETOP20 regional index for CEE. 3. All the factors used are derived mainly from CRSP data and based on the US markets, we use these factors for explaining European returns with reference to the results of Schmidt, Von Arx, Schrimpf, Wagner, and Ziegler (2011) who find 'astonishingly' high correlations between European and US momentum, size and value risk factors. Table 10 . carhart four-factor model for bull periods with c20 market proxy extended with the trade volume on the following day.
notes: this table shows the results of the modified carhart (1997) four-factor model, using cEtoP20 as a market proxy extended with daily percentage changes in the number of shares outstanding on the following day for bearish periods. *, **, *** denote significance levels of 10%, 5% and 1% respectively. 
